We present a novel approach for computing a shortest path in a mixed fuzzy network, network having various fuzzy arc lengths. First, we develop a new technique for the addition of various fuzzy numbers in a path using α -cuts. Then, we present a dynamic programming method for finding a shortest path in the network. For this, we apply a recently proposed distance function for comparison of fuzzy numbers. Four examples are worked out to illustrate the applicability of the proposed approach as compared to two other methods in the literature as well as demonstrate the novel feature offered by our algorithm to find a fuzzy shortest path in mixed fuzzy networks with various settings for the fuzzy arc lengths.
Introduction
Determination of shortest distance and shortest path between two vertices is one of the most fundamental problems in graph theory. Let G = (V, E) be a graph with V as the set of vertices and E as the set of edges. A path between two vertices is an alternating sequence of vertices and edges starting and ending with vertices, and no vertices or no edges appear more than once in the sequence. The length of a path is the sum of the weights of the edges on the path. There may exist more than one path between a pair of vertices. The shortest path problem is to find the path with minimum length between a specified pair of vertices. In classical graph theory, the weight of each edge is taken as a crisp real number. But, practically weight of each edge of the network may not be a fixed real number and it may well be imprecise.
The shortest path problem involves addition and comparison of the edge weights. Since, the addition and comparison between two interval numbers or between two triangular fuzzy numbers are not alike those between two precise real numbers, it is necessary to discuss them at first. Interval arithmetic was developed in Moore [1] . The case of optimization with interval valued and fuzzy constraints were discussed in Delgado et al., Ishibuchi and Tanaka, Sengupta, . Various ranking methods for interval numbers were introduced by several researchers. An extensive survey of the order relations along with a new proposal are given by Sengupta and Pal [6] . There are also ranking methods for fuzzy numbers available in the literature. Dubois and Prade [7] introduced a ranking of fuzzy numbers in the setting of possibility theory, and Chen [8] ranked fuzzy numbers using maximizing and minimizing sets. Ranking of fuzzy numbers was also studied by Bortolan and Degani, Cheng, and Delgado et al. [2, 9, 10] .
Fuzzy graph problems were addressed in Blue et al. and Koczy, Klein, Li et al., Lin and Chen, paid special attention to fuzzy shortest paths. In a recent development, Okada and Soper [18] proposed an algorithm to find the shortest path in a network with fuzzy edge weights. The algorithm gives a family of non-dominated shortest paths for a specified satisfaction level, but it does provide any guideline to the decisionmaker to choose the best amongst the paths according to his/her view; i.e., optimistic, pessimistic, etc.
The shortest path (SP) problem has received lots of attention from researchers in the past decades, because it is important to many applications such as communication, transportation, scheduling and routing. In a network, the
